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Cell injection is an essential technology for biological applications including 
transgenosis, cloning, artificial fertilization or drug delivery, etc. However, cell 
injection was generally implemented in manual or semi-automatic mode so far, and its 
repeatability and efficiency are poor due to the complexity and specificity of the cell 
injection process. To address this problem, an automatic, batch cell injection system is 
in demand, and a cell capture chip becomes an important component for such a cell 
injection system. In this dissertation, a cell capture chip for an automatic, batch cell 
injection system was designed, fabricated and characterized. The target cells were 
anchored by polydimethylsiloxane (PDMS) pillars to reduce the displacement of the 
cell significantly during the injection process. In addition, negative dielectrophoresis 
(n-DEP) force was utilized to release the cell from these PDMS pillars after injection. 
Accordingly, optimized electrodes structure were prepared on the surface of this chip 
to apply a effective n-DEP force on the cell.  
The following contents are included in this dissertation: 
· Overview of the available cell injection systems and their related cell capture 
chip. The reported cell capture approaches are classified, and their merits and 
disadvantages are discussed in details. 
· The mechanical design of the PDMS pillars. 
· The interaction between a electric field and a cell are theoretically discussed. 
Especially the movement of the cell under the effect of n-DEP force.   
· Fabrication of the cell capture chip. Micro fabrication technologies including 
soft lithography, metal deposition and patterning, surface treatment and 
bonding, etc. was employed to prepare the chip successfully. 
· Packaging of the cell capture chip. The chip was mounted on a printed circuit 
board (PCB) and the electrodes connected to the pads on PCB electrically by 
wire bonding process.  
· Characterization of the PDMS pillars. The force-displacement curves of the 
















pillars was demonstrated in a zebrafish embryos injection experiment. 
· Introduction of the prepared batch cell injection system. The fabricated cell 
capture chip was used in this system successfully.  
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作物的种植面积已经从 1996 年的 170 万公顷增长到 2003 年的 6770 万公顷，种
植转基因作物的国家数量也在 2003 年翻了一番。科学家预计，未来 10 年内转
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表 1.1 多种导入方式比较 


































(a)细胞固定   (b)注射穿刺   (c)外源物质注入 

























公司推出的 Xeno Works 标准化显微注射系统，如图 1.2 所示，该系统配备多型
号可选的显微镜、两台 MP-285 高精度微操纵机械手及符合人体工程学的倒置式
操纵杆，数字化注射器提供多路分离压力通道用于固定和注射细胞，该系统可用
于受精卵 DNA 注射、胚胎的干细胞注射、精子卵浆内注射等。图 1.3 为日本富
士康生产的 Cellinjector 细胞自动注射系统，宣传资料提供细胞注射时间为 1s/次。 
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